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SELECTIVE STAINING OF HUMAN DERMAL COLLAGEN
II. THE USE OF PICR0SIRIU5 RED F3BA WITH POLAEIZATION MIcEoscoPY*
V. S. CONSTANTINE, MD., M.S.t AND R. W. MOWRY, M.D4
Staining Techniques
MATERIALS AND METHODS
Tissues Used
Specimens were fixed in 10% neutral buffered
formalin (3) for 24—60 hours and thereafter de-
hydrated in ethanols, cleared and infiltrated in
paraffin using an automatic tissue processor. A
range of skin lesions in which collagen under-
goes change were biopsied and used as test ob-
jects for this study. One example of each of
the following were studied:
A. Characterized by production of new and
excessive collagen
1. scleroderma
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production in
Replicate sections from every lesion were
stained by each of the following:
1) The picrosirius red FSBA stain was per-
formed as directed by Sweat et at. (2). A 0.1%
solution of sirius red F3BA (purchased from
Verona Dyestuffs, P.O. Box 385, Springfield
Road, Union, N.J.) was dissolved in aqueous
picric acid saturated thoroughly by standing
overnight or longer in the presence of undis-
solved picrie acid crystals. Tissue sections were
deparaffinized and hydrated in running water
for at least 10 minutes. Sections were stained
in the picrosirius red solution for 30 minutes.
Afterwards sections were dehydrated rapidly in
three changes of absolute alcohol, cleared in
toluene and mounted in IPermount (Fisher Sci-
entific Company).
2) The picrofuchsin stain used was a modifi-
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In onr comparison of the standard tech-
niques used to stain collagen none showed any
real selectivity when counterstains were omit-
ted (1). None are specific. Compared with
other methods, the procedures utilizing a col-
lagen-staining dye in a saturated solution of
picric acid were more selective, simpler to per-
form and easier to interpret.
Recently Sweat et at. (2) recommended
sirius red F3BA for collagen staining with the
picric acid technique. This is a dye used in
commerce but not previously in histology.
Applied to various human tissues collected at au-
topsy, the picrosirius red F3BA proved su-
perior to picrofuchsin in several regards. Un-
like picrofuehsin, which fades within a few
months, sirius red did not. It stained the finer
collagen fibers more intensely and increased
their birefringence spectacularly. With their
claims in mind, we have compared the relative
usefulness of picrosirius red F3BA with that of
picrofuehsin and pieroaniline blue as well as
other techniques of collagen staining when ap-
plied to the delineation of dermal collagen in
paraffin sections of human skin.
2. keloid
3. neurofibroma
4. granulation tissue
B. Characterized by apparent injury to or
derangement of collagen
1. lichen selerosus et atrophieus
2. discoid lupus erythematosus
3. neerobiosis lipoidica
4. granuloma annulare
C. Characterized by collagen
the presence of inflammation
1. pyogenic granuloma
2. nodular fasciitis
D. Characterized by the accumulation of ex-
tracellular material believed abnormal in kind
or amount
1. localized cutaneous myxedema
2. colloid degeneration
3. eylindroma (hyaline)
4. aetinic elastosis, severe
F. Characterized by proliferation of cells
other than fibroblasts
1. hemangioma
2. leiomyoma
3. granular cell myoblastoma
4. neurilemmoma
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cation of IJnna's picrofuchsin (3). A 0.08%
solution of acid fuchsin (C. I. No. 42685) in
saturated aqueous solution of picric acid was
prepared. To this was added 0.25 ml of con-
centrated HC1 per 100 ml of staiuing solution.
Deparaffinized sections were hydrated for at
least 10 minutes and stained in picrofuchsin
for 15 minutes. Afterwards sections were placed
in a staining rack and dipped repeatedly in a
0.25% HC1 solution for about five seconds.
Next, sections were dehydrated rapidly in 95%
followed by two baths of absolute alcohol,
cleared in toluene and mounted in Permount.
3) A modification of Lillie's picroaniline blue
stain (3) was used. It consisted of a 0.02% so-
lution of aniline blue W. S. (C. I. No. 42755)
in saturated aqueous pierie acid. Dewaxed sec-
tions were washed at least 10 minutes in run-
ning water and then stained for 30 minutes with
frequent agitation which helps insure uniform
staining.
4) The Luxol fost blue MBS-periodic acid
Schiff stain was carried out as described by
Hale et al. (4).
5) Masson's trichrome stain was performed
as directed elsewhere (5).
6) In Lillie's hydrochloric acid method (3)
both Biebrich scarlet W. S. (C. I. No. 26905)
and aniline blue W. S. were tested.
Polarization Microscopy
Birefringence was detected with an ordinary
microscope using either a Polaroid filter at-
tachment or Polaroid film squares. When the
latter were used, one plate was placed about the
substage condenser lens and the other one atop
the microseetion being examined.
RR5ULT5 AND DIscussIoN
The results of the comparison between picro-
sirius red and the several other procedures that
color collagen are summarized in Table I. Fibers
of dermal collagen were well stained by sirius
red except that some large fibers found in the
reticular dermis stained less intensely. Visuali-
zation of small collagen fibers and so-called
reticulum fibers after sirius red excelled that
seen after acid fuchsin. Although occasional
thick fibers in the reticular dermis were colored
orange due to some uptake of picric acid, they
were readily identifiable as collagen. Such
ambivalent staining of these thick fibers was
not seen with picrofuchsin. After each of the
other techniques tested, collagen fibers were
always stained to a variable degree by the cyto-
plasmic or other counterstains utilized. Com-
pared with the other methods tested, picrofuch-
sin produced much stronger and more complete
staining of the thick collagen fibers typical of
the reticular dermis.
Stains for collagen are more valuable when
highly selective. Ideally, nothing else besides
collagen should be stained except by the
counterstain. Under the conditions used, piero-
fuchsin was clearly the most selective of all the
collagen stains tested. In sections of normal skin
stained with picrofuchsin, only collagen was
red. In the diseased specimens, only the hyaline
in dermal eccrine cylindroma was colored as
collagen. Even though this hyalin was also col-
ored as collagen after each of the other stains
tested, the electron microscope has failed to
show that any collagen is present (6). If pres-
ent, collagen ought to be easily recognized by
its distinctive nltrastrueture. Doubtless, some
other pathological materials not tested may also
show non-specific staining with these methods.
Our limited experience suggests that nonsclec-
tive staining will be least after either picro-
sirius red or pierofuehsin.
It is well known that collagen viewed by
polarized light is birefringent (7). Staining
with picrosirius red F3BA produces a remark-
able degree of birefringence of all the collagen
fibers which appear bright yellow when viewed
by polarized light. This property permits even
very small fibers to be seen easily. The in-
tensity of the birefringence after sirius red ex-
ceeds greatly that seen either in unstained
sections or after any of the other procedures
tested here.
Keratin of the stratum corneum is also
stained moderately by sirius red, but its
birefringence is not much increased. Birefrin-
gence of the epiderinal tonofilaments and the
stratum corneum are weak compared with that
of collagen. The enhancement of birefringence
in collagen by sirius red signifies probably that
dye molecules are bound to the individual col-
lagen fiber so that the axes of both fiber and
dye are parallel (8).
Sirius red does not impart birefringence to
structures that lack it normally. This helps
distinguish collagen from other substances that
are also stained by sirius red. In a specimen
of dermal eccrine cylindroma that was stained
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with picrosirius red F3BA with no additional
eounterstains besides the pierie acid, the hyaline
material present in and around the tumor
lobules was bright red (see Fig 1). When
viewed by polarized light, the hyaline was not
birefringent, whereas collagen was intensely so
(see Fig 2).
Amyloid in a case of primary cardiac type
was stained with sirius red, but only about
half as strongly as collagen. when viewed by
polarized light, amyloid showed only faint
greenish hirefringence and was easy to dis-
tinguish from collagen which was bright yel-
low. As expected, amyloid in this specimen was
not colored by acid fuchsin in the picrofuchsin
stain.
The exact technique and the counterstains
used with dyes that stain collagen determine
largely their selectivity and adequacy for this
purpose (1). Table I illustrates this. Aniline
blue was the collagen-staining dye in three of
the six methods used, viz., Masson's trichrome,
Lillie's HC1 and Lillie's picroaniline blue. The
result of each method differed noticeably.
Sensitivity ond selectivity of stains used for collagen
A comparison of picrosirius red F3BA (PSR), picrofuchsin (PF), picroaniline blue (PAB), Masson's
trichrome (NIT), Luxol fast blue MBS (LFB) and Lillie's HCI method (HCl).
P5R PF PAB MT LFB (b) 11CI
Completeness of collagen staining
Fine fibers (including "reticulum
fibers")
Large fibers (as in deep dermis)
Abnormally large fibers (e.g., ke-
bid and scleroderma)
Coloration by countcrstain (s)
Fine fibers
Large fibers
Abnormally large fibers
Coloration of non-collagenous mate-
rial by the collagen stain
A. Normal Structures
Stratum corncum
Kcratohyalin granules
Prickle & basal cells (cyto-
plasms)
Inner root sheath
Smooth muscle
Erythrocytcs
B. Pathologic structures
Cylindroma hyalinc
Verocay bodies iu neurilem-
moma
Colloid in skin
Precipitate in fat cells of
sclerema
Cranular cell myoblastoma
(cytoplasms)
Necrobiotic collagen
Actinic clastosis fibers
(a)
++++
+++
++++
0
+
0
++
++
0
0
0
0
+++
+
0
0
0
0
0
++
± + + +
± + + +
0
0
0
+
+
0
0
0
0
++
0
0
0
0
0
0
++++
+++
+++
0
+
+
+++
++
+
0
0
0
+++
+
+
+
+
+
+
++++
+++
++
0
+
++
0
(d)
0
0
0
0
++++
+
+
++
0
0
+
+
+++
++
(c)
+
++
+++
(d)
+
++++
++++
++++
++
0
0
++++
+
0
+
++++
+++
++
0
+
++
+
(d)
++
0
+
0
++++
+++
++++
++
+++
++
++
(a) Staining is estimated on a + to -j--j--j-+ scale. (b) Refers to coloration by Luxol fast blue only
and not PAS. (c) Fine collagen fibers are well stained with the PAS reaction. (d) Results obscured by
counterstain.
FIG. 1. Dermal eccrine cylindroma stained with picrosirius red F3BA without counter-
stains. Note staining of hyaline within tumor lobules. x 50.
FIG. 2. Same field as above with polarization microscopy. The collagen is clearly identi-
fied, but the hyaline stained with sirius red cannot be seen. X 50.
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Experience with the three picric acid methods
showed how different but supposedly equiva-
lent dyes used in the same general method
yield noticeably different qualitative results;
sirius red F3BA, acid fuchsin and aniline blue
were so compared. The differences are not at-
tributed to differences in dye concentration, pH
or duration of staining, but apply even when
these parameters are varied.
Picrofuchsin which stains collagen with the
greatest selectivity in our experience has cer-
tain disadvantages. It stains the fine collagen
fibers more weakly than the larger ones and
more weakly than does picrosirius red F3BA.
While picrofuchsin stain is known to fade in
time (2, 9), sections stained by us have not
faded much over the past two years. Why the
degree of fading varies in different sections
mounted in the same medium is not estab-
lished.
The results described here were obtained
with formalin fixed human tissues. Results with
other fixatives and other species might differ.
According to others, the results of staining
with picrosirius red were "equally good"
whether tissues were fixed with Zenker-formal,
10% formalin, buffered formalin, Carnoy's,
Bouin's or Romeis' fixatives (2). But, fixation
with formalin for longer than "a few days" re-
sulted in decreased staining, particularly of the
fine collagen fibers.
Collagen is identified chemically by amino
acid analysis or by its hydroxyproline content.
It can be identified by its ultrastructurc
whether fixed or unfixed (10). Undenatured col-
lagen is a highly specific substrate for bacterial
collagenases which can also be used for its
identification (11). None of these methods,
however, arc practical for routine histologic as-
sessment. To our knowledge there is no histo-
chemical test that is specific for collagen in
microsections (1). In formalin fixed human tis-
sues, we have found no material other than
collagen which is colored so selectively by picro-
fuchsin and whose staining by picrosirius red
F3BA imparts such strong, yellowish bircfrin-
gence. There is value in using both methods
when the dependable assessment of collagen is
required.
SUMMARY
The completeness and selectivity of collagen
staining produced by picrosirius red F3BA were
compared with that seen after traditional col-
lagen stains. While picrosirius red is less strictly
selective than picrofuchsin, it was more selec-
tive than the other methods tested. Collagen
stained by it shows bright yellowish bircfrin-
gence which facilitates greatly its recognition.
In formalin fixed human skin, collagen pos-
sesses two distinctive properties, viz., selective
staining by picrofuchsin and strong yellowish
bircfringence after picrosirius red. Utilization
of both properties is recommened for the
empiric identification of collagen in tissues. It
requires only that the light microscope be
equipped with simple polarizing filters needed
also to detect amyloid stained with Congo red.
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